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1. Introduction
In RAN1-62, the following agreements were made on the design of mapping tables for PUCCH format 1b with channel selection in Rel-10:

· One mapping table for each of 2, 3, or 4 bits

· Possibly 1 mapping table with nested property for bit range of 2 – 4

· 2/3/4 PUCCH format 1a/1b resources for 2/3/4 bits, respectively

· Mapping table design shall optimize the performance for 2 CCs, wrt

· Required SNR to meet ACK/NAK performance requirements

· Implicit Rel-8 resource utilization

· Ambiguity handling during DL CC reconfiguration

· Equalization of individual ACK/NAK bit performance will be considered. 
· Overlapping states shall be avoided

· Companies shall provide their proposed mapping tables on the email reflector by Sep. 17, 11pm PST.

· No mapping tables will be considered after the deadline
· Calibration results can be provided using mapping tables in R1-104140

· Evaluations will use simulation assumptions (other than the mapping tables) agreed previously in R1-104140.
In this contribution, we discuss the design principles for the mapping tables and compare the proposals in [1].
2. Design of mapping tables
2.1. Required SNR
The ACK/NAK detection performance requirements are 

· ACK missing probability of 1%

· DTX-to-ACK error probability of 1%

· NAK-to-ACK error probability of 0.1%

For the case where UE receives PDCCH correctly and PDSCH incorrectly, if NAK is mapped to DTX, i.e. UE does not transmitting anything on PUCCH, the corresponding DTX-to-ACK requirement shall be the same as NAK-to-ACK (i.e. 0.1%), since NAK is treated as DTX. Typically, an overly stringent requirement of DTX-to-ACK error requires a larger DTX threshold, which consequently degrades ACK missing and NAK-to-ACK detection performance. It is noted that some mapping tables in [1] requires DTX-to-ACK error of 0.1%. One example [1] is shown in Table 1, where the state of (D, N) is mapped to no transmission, which requires DTX-to-ACK probability of 0.1%.
Table 1: Example of DTX-to-ACK requirement of 0.1%

	PCell
	SCell
	PUCCH resource

	
	
	1
	2

	A
	A
	
	-1

	A
	N
	-1
	

	N
	A
	
	1

	N
	N
	1
	

	D
	A
	
	1

	D
	N
	No transmission

	A
	D
	-1
	

	N
	D
	1
	

	D
	D
	No transmission


2.2. Implicit Rel-8 resource utilization
While it is beneficial to reuse the implicit Rel-8 PUCCH format 1a/1b resources as much as possible, it shall be noted that designing the mapping table completely based implicit resources may lead to insufficient number of states to avoid any overlapping states. Such mapping table designs shall ensure that the selected resource is always available to the UE, i.e. the UE shall correctly receive the corresponding PDCCH and derive the implicit resource. Table 2 shows an example [1] where implicit resources cannot work properly. Assuming Ch1 and Ch2 are implicitly derived from the PDCCH corresponding to PDSCH on PCell and SCell respectively, for the state of (D, N), i.e. UE only receives PDCCH corresponding to PDSCH on SCell correctly, Ch1 is not available to the UE. Hence, the example in Table 2 requires explicit resources for Ch1.
Table 2: Example of implicit resource not working
	HARQ-ACK Mapping for CA – 2 Bits

	
	Ch1
	Ch2

	N, N
	1
	

	N, A
	
	j

	A, N
	-1
	

	A, A
	
	-j


It is also discussed that in RAN1-62 that for a UE configured in MIMO mode on a component carrier, it shall assume that the minimum CCE aggregation level of the corresponding PDCCH is two, hence providing two Rel-8 implicit resources per detected PDCCH. Such an assumption or restriction is not made in Rel-8 PDCCH. For medium system bandwidths, e.g. 5 MHz, it is possible to use CCE aggregation level of one for MIMO DCI formats. Restricting a minimum CCE aggregation level of two for all MIMO UEs can lead to unnecessary increase of PDCCH overhead. Hence, it is preferable that in Rel-10, at most one Rel-8 implicit PUCCH format 1a/1b resource is derived per detected PDCCH for single antenna port UEs. It is further noted that for a UE configured in MIMO mode, DCI format 1A can also be used to schedule single codeword transmission on the MIMO CC. Assuming that DCI format 1A can be transmitted with CCE aggregation level of one, only one Rel-8 implicit PUCCH format 1a/1b is available. Table 3 shows an example where implicit resources cannot function properly. For instance, UE detects DCI format 1A with CCE aggregation level of one on CC-0 and the corresponding ACK/NAK state is (N, D, N), then Ch1 may not be implicit. 
Table 3: Example of implicit resource not working

	CC-0
	CC-1
	(b(0), b(1))

	
	
	Ch0
	Ch1
	Ch2

	A,  A
	A
	none
	(1, 1)
	none

	A,  N
	A
	none
	none
	(1, 0)

	N,  A
	A
	none
	none
	(0, 1)

	N,  N
	A
	none
	none
	(1, 1)

	A,  A
	N
	(1, 1)
	none
	none

	A,  N
	N
	(1, 0)
	none
	none

	N,  A
	N
	(0, 1)
	none
	none

	N,  N
	N
	none
	(0, 0)
	none

	A,  A
	DTX
	(1, 1)
	none
	none

	A,  N
	DTX
	(1, 0)
	none
	none

	N,  A
	DTX
	(0, 1)
	none
	none

	N,  N
	DTX
	(0, 0)
	none
	none

	DTX
	A
	none
	none
	(1, 1)

	DTX
	N
	none
	none
	(0, 0)

	DTX
	DTX
	none
	none
	none


2.3. Ambiguity handling during DL CC reconfiguration
The issue of ACK/NAK codebook size ambiguity during DL CC reconfiguration was brought up during the discussion. In general, there are two approaches that can handle the ACK/NAK codebook size ambiguity for PUCCH format 1b with channel selection:

· Approach 1: UE only gets scheduled on PCell during the uncertain period of DL CC reconfiguration and UE adopts Rel-8 PUCCH format 1a/1b for ACK/NAK transmission if PDSCH only on PCell is detected.

· Approach 2: The mapping table design ensures the ACK/NAK codebook size ambiguity does not exist during DL CC reconfiguration.

For the purpose of ambiguity handling, both approaches are equally applicable. Note that approach 1 is more general and can be used for PUCCH format 3 as well. Hence, it is likely that Approach 1 anyway needs to be supported in Rel-10. In this case, it is less obvious that special care is needed for handling the ACK/NAK codebook size ambiguity for PUCCH format 1b with channel selection. In other words, Approach 2 shall not be the critical design principle for the mapping tables in Rel-10.
2.4. Equalization of individual ACK/NAK bit performance
Given the RAN2 agreements that QoS on different CCs are equal, the detection performance of ACK/NAK bits corresponding to different CCs shall be comparable. It is already noted that some mapping tables lead to unequal ACK/NAK performance, depending on the ACK/NAK bit position. Hence, the design of mapping tables shall consider equalized ACK/NAK bit performance. On the other hand, it is important that such equalization does not degrade the average ACK/NAK bit performance. Furthermore, randomization schemes as in [2] can also be applied for the purpose of equalizing ACK/NAK bit performance.
2.5. Applicability to more than 2 DL CCs

While the mapping table design shall optimize for 2 DL CCs, it is preferable that the resultant tables can be applicable for more than 2 DL CCs. In other words, the mapping table design does not need to assume a pair of ACK/NAK bits corresponds to the same PDCCH. It is also preferable that ACK/NAK spatial bundling is not mandatory, in order not to create unnecessary retransmissions. 
3. Proposed mapping tables
Given the discussion in Section 2, our design principles for the mapping tables are:
· ACK/NAK average BER performance is optimized.

· At most one Rel-8 implicit PUCCH format 1a/1b resource derived from a PDCCH detected on PCell
· Rel-8 implicit PUCCH format 1a/1b resources are utilized as much as possible

· No special treatment for ACK/NAK codebook size ambiguity handling during DL CC reconfiguration

· Equalization of individual ACK/NAK bit performance is considered, possibly with the application of additional randomization scheme

· Mapping tables can be applicable to more than 2 DL CCs

With the above design principles, we have the following proposed mapping tables for 2 – 4 ACK/NAK bits, in Tables 4 – 6. For 2 ACK/NAK bits, both PUCCH format 1a/1b resources can be implicitly derived. For 3 and 4 ACK/NAK bits, the last PUCCH format 1b must be explicitly signaled. More details on resource allocation for PUCCH format 1b with channel selection in Rel-10 can be found in [3].
Table 4: 2-bit for channel selection

	A/N states
	Ch1
	Ch2

	
	RS
	Data
	RS
	Data

	A, A
	1
	1
	
	

	A, N/D
	1
	j
	
	

	N/D, A
	
	
	1
	-j

	N/D, N
	
	
	1
	j

	N/D, D (1)
	1
	-1
	
	


Table 5: 3-bit for channel selection

	A/N states
	Ch1
	Ch2
	Ch3

	
	RS
	Data
	RS
	Data
	RS
	Data

	A, A, A
	1
	1
	
	
	
	

	A, A, N/D
	
	
	1
	1
	
	

	A, N/D, A
	1
	-j
	
	
	
	

	A, N/D, N/D
	1
	-1
	
	
	
	

	N/D, A, A
	
	
	1
	-1
	
	

	N/D, A, N/D
	
	
	1
	j
	
	

	N/D, N/D, A
	
	
	
	
	1
	-j

	N/D, N/D, N/D (1)
	
	
	
	
	1
	j


Table 6: 4-bit for channel selection

	A/N states
	Ch1
	Ch2
	Ch3
	Ch4

	
	RS
	Data
	RS
	Data
	RS
	Data
	RS
	Data

	A, A, A, A
	1
	-j
	
	
	
	
	
	

	A, A, A, N/D
	1
	1
	
	
	
	
	
	

	A, A, N/D, A
	
	
	1
	-1
	
	
	
	

	A, A, N/D, N/D
	
	
	1
	j
	
	
	
	

	A, N/D, A, A
	1
	-1
	
	
	
	
	
	

	A, N/D, A, N/D
	1
	j
	
	
	
	
	
	

	A,.N/D, N/D, A
	
	
	
	
	
	
	1
	1

	A, N/D, N/D, N/D
	
	
	
	
	
	
	1
	-j

	N/D, A, A, A
	
	
	
	
	1
	j
	
	

	N/D, A, A, N/D
	
	
	
	
	1
	-1
	
	

	N/D, A, N/D, A
	
	
	1
	-j
	
	
	
	

	N/D, A, N/D, N/D
	
	
	1
	1
	
	
	
	

	N/D, N/D, A, A
	
	
	
	
	1
	1
	
	

	N/D, N/D, A, N/D
	
	
	
	
	1
	-j
	
	

	N/D, N/D, N/D, A
	
	
	
	
	
	
	1
	j

	N/D, N/D, N/D, N/D (1)
	
	
	
	
	
	
	1
	-1


(1) For the case of all “D” (i.e. UE does not detect any DL grant), UE shall perform DTX on PUCCH
4. Comparison of mapping table proposals
In this section, we compare the proposals in [1]. Table 7 lists the properties of the mapping tables in [1], while Tables 8 – 9 show the required SNR for 3 and 4 ACK/NAK bits, respectively. The detailed link level evaluations are provided in Appendix II, with the simulation assumptions in Appendix I. 

Table 7: Comparison on the properties of the mapping tables in [1]

	
	Support of all implicit resources
	Ambiguity handling during CC reconfig
	Applicable to more than 2 CCs
	DTX-to-ACK requirement

	Panasonic
	Yes
	Yes
	No
	0.1% for 2/4 bits

1% for 3 bits

	ZTE
	No
	No
	Yes
	1%

	CATT
	Yes for 2 bits

No for 3/4 bits
	No
	Yes
	1%

	Huawei
	No
	No
	No
	1%

	NSN
	Yes
	Yes
	Yes
	0.1%

	Samsung
	No
	No
	No
	0.1%

	Qualcomm
	Yes
	Yes
	No
	1% for 2/3 bits

0.1% for 4 bits

	DoCoMo
	Yes
	Yes
	No
	1% for 2 bits

0.1% for 3/4 bits

	LGE
	No
	Yes
	No
	1%


Table 8: Required SNR for 3 ACK/NAK bits

	
	CATT
	Panasonic
	ZTE
	Huawei
	NSN
	Samsung
	Qualcomm
	DoCoMo
	LGE

	SNR
	-8.84*
	-8.80*
	-8.81*
	-8.75*
	-7.75*
	-7.76*
	-8.63*
	-8.17**
-7.77*
	-8.84*
-8.85*


Note 1: * required SINR determined by 1% ACK(DTX/NAK error

Note 2: ** required SINR determined by 0.1% NAK ( ACK error
Table 9: Required SNR for 4 ACK/NAK bits
	
	CATT
	Panasonic
	ZTE
	Huawei
	NSN
	Samsung
	Qualcomm
	DoCoMo
	LGE

	SNR
	-8.29*
	-7.48*
	-8.21*
	-8.19*
	-7.46*
	-7.39*
	-7.49*
	-7.55*
	-8.16*


It is observed that the mapping tables requiring 0.1% DTX-to-ACK generally perform worse than the mapping tables requiring 1% DTX-to-ACK. Therefore, it is preferable that one of the proposals requiring 1% DTX-to-ACK is adopted. In addition, the selection of the mapping table shall consider the corresponding resource allocation. In [3], the resource allocation for PUCCH format 1b with channel selection is discussed.
5. Conclusions

In this contribution, we discuss the mapping table design for PUCCH format 1b with channel selection in Rel-10, with the proposals shown in Tables 4 – 6 for 2 – 4 ACK/NAK bits, respectively.
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7. Appendix I: Link level simulation assumptions
	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz for ETU, 10 MHz for EPA

	channel model
	ETU 3km/h 5 MHz, EPA 3km/h 10 MHz

	frequency hopping
	at slot boundary

	antenna setup
	1 Tx, 2 Rx

	RX antenna correlation
	uncorrelated

	channel estimation
	practical

	CP type
	normal CP

	signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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8. Appendix I: Detailed link level results

8.1. Results for 3 bits ACK/NACK, average ACK/NAK performance (left), per-bit ACK/NAK performance (right)
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8.2. Results for 4 bits ACK/NACK, average ACK/NAK performance (left), per-bit ACK/NAK performance (right)
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